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In the course of our studies on the physio-pathology of stress reactions, it
has become increasingly obvious that, in animals, overdosage with certain adap-
tive hormones (corticoids, ACTH, STH) can produce experimental replicas of
some spontaneously occurring diseases of man. Perhaps the most striking out-
come of these studies was the demonstration that the so-called "growth hormone"
or somatotrophic hormone (STH) and certain mineralo-corticoids or prophiogistic
corticoids (e.g., desoxycorticosterone) facilitate the proliferation of connecting
tissue and increase its ability to react with inflammation in response to topical
injury. On the other hand, adrenocorticotrophic hormone (ACTH) and the
so-called gluco-corticoid or antiphlogistic-corticoid substances (e.g., cortisone,
hydrocortisone) exert opposite effects.
The lack of suitable technics makes it extremely difficult to assess the produc-
tion of prophiogistic hormones during stress, but it has been demonstrated, with
highly accurate and specific bioassay methods, that acute exposure to stressor
agents (e.g., infections, nervous tension, intoxications, trauma, etc.) greatly
augments the concentration of the antiphlogistic hormones in blood and urine.
It is also common knowledge that the great stress-sensitivity of pituitary or
adrenal deficient individuals is effectively combated by certain pituitary and
corticoid hormones. These facts gradually led to the concept that imperfect re-
sponses of the pituitary-adrenocortical system to stress may be of considerable
importance in the pathogenesis of certain "connective tissue diseases." In view
of the antagonism between pro- and antiphiogistic hormones, the dispropor-
tionate secretion of these two types, during adaptation to stressful conditions,
would appear to play a particularly important role in the pathogenesis of the
so-called "diseases of adaptation", many of which manifest themselves by pro-
nounced inflammatory changes in the skin.
The extensive literature winch deals with this concept of disease in general,
and with its dermatologic implications in particular, has been surveyed iii a
series of monographs (1, 2, 3), and synoptically summarized in a series of lectures
(4). Suffice it to point out here, that derangements in the balance of pro- and
antiphlogistic hormones may result through a variety of essentially distinct
mechanisms. Among these, the most important are:
(1) An absolute excess or deficiency in the amount of corticoids and STH pro-
duced during stress.
(2) An absolute excess or deficiency in the amount of corticoids and STH
retained (or "fixed") by their peripheral target organ during stress.
* From the Institute of Experimental Medicine and Surgery, Université do Montréal.
Montreal, Canada.
t This work was aided by a grant of the National Research Council of Canada.
Received for publication January 21, 1953.
91
92 THE JOURNAL OF INVESTIGATiVE DERMATOLOGY
(3) A disproportion in the relative secretion (or fixation), during stress, of
ACTH and antiphiogistic-corticoids, on the one hand, arid of STH arid pro-
phlogistic-corticoids, on the other.
(4) Production, by systemic or topical stress, of metabolic derangements,
which abnormally alter the target organ's responses to STH, ACTH or corticoids
(through the phenomenon of "conditioning").
(5) Finally, we must not forget that, although the hypophysis-adrenal mecha-
nism plays a prominent role in the general adaptation syndrome (G-A-S), other
organs which participate in the latter (e.g., nervous system, liver, kidney) may
also respond abnormally and become the cause of disease during adaptation
to stress.
The experiments upon which we should like to report in the present com-
munication are concerned particularly with the problem of how trophic changes
and hormone fixation in the skin can condition its response to hydrocortisone.
Numerous earlier experiments have shown that if a circumscribed inflammatory
granuloma is experimentally produced by topically applied stressors (e.g., topical
irritation arthritis) its tissue is selectively conditioned (that is hypersensitive)
to the connective-tissue-atrophy producing effect of antiphiogistic corticoids
(1, 2).
It is known furthermore that substances introduced into the bloodstream are
rarely, if ever, equally distributed among all organs. Usually various tissues
have different selective affinities for diverse substances and retain them or destroy
them at uneven rates. The use of radio-active thyroxin and radio-active estrogens
made it possible to demonstrate that hormones are no exception to this rule. They
also are distributed and retained by various organs in greatly differing propor-
tions. Up to now, it has not yet been possible to show this conclusively for corti-
coids, although the point would appear to be of considerable practical importance.
If it could be demonstrated that the organism has means to regulate the selective
fixation of corticoids in certain target-organs, deficiencies or excesses in cortical
hormones could result—without any variations in their blood-level or urinary
excretion—merely as a consequence of changes in distribution between the
various organs. The technics now available for the bioassay or chemical deter-
mination of corticoids in tissues are not sensitive and accurate enough for this
type of study. However, the use of the so-called "pneumoderma technic" enabled
us to achieve a very selective and prolonged fixation of hydrocortisone acetate
in a dystrophic part of the skin in the rat. As we shall see, from the experiments
to be reported in this communication, the combined effect of an experimentally
induced, circumscribed skin dystrophy and of the artificial fixation (iii the dys-
trophic skin) of hydrocortisone, results in an extraordinary augmentation
("selective conditioning") of the topical response to this hormone.
MATERIALS AND METHODS
Preparation of the pneumoderma. The entire dorsal region of the rat is depilated
by barium sulfide and then 60 ml. of air is injected subcutaneously through a
No. 27 hypodermic needle in the midline between the shoulder blades. Thus,
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the skin over the back is detached from the underlying musculature by a large
air bubble. After some of the air is absorbed and the dorsal skin becomes dis-
tended, this procedure is repeated by injecting an additional 100 ml. of air in
the same region, 12 days later.
As outlined elsewhere (3), this procedure does not seriously interfere with the
structural integrity of the skin. However, it causes some degree of atrophy, a
delay in hair growth and an inhibition of inflammatory responses to local injury.
It also tends to delay the removal of foreign substances, injected into the sub-
cutaneous region of the detached skin, thereby furthering their fixation in the
dermal structures.
The mechanism through which this condition of topical cutaneous dystrophy
is induced, remains largely obscure. However, nutritional disturbances, due to
detaching the skin and partially compressing its vessels by air, undoubtedly play
an important part in its etiology.
Administration of the hydrocortisone. For these experiments, the hydrocortisone
solution was prepared by diluting the commercially available "Hydrocortone"
of Merck and Co. (which originally contains 25 mg. of hydrocortisone acetate
micro-crystals per ml. of suspending fluid) by adding additional amounts of the
original suspending solution (kindly supplied by Merck and Co.) so as to achieve
a final concentration of 10 mg. per ml.
One ml. of this solution was then carefully injected, through a No. 27 injection
needle, into the subcutaneous tissue of the detached skin, in the pneumoderma
region. Since hydrocortisone acetate is very slowly absorbed in any case, and
since its absorption rate is further delayed in the skin detached from the under-
lying tissue, this permitted a very long-lasting fixation of the hormone deposit
in the area where it was injected.
Experimental animals. Twenty-two piebald female rats, weighing 120-125 gm.,
were used. Six acted as untreated controls. In the remaining sixteen, a dorsal
pneumoderma, bearing a hydrocortisone deposit, was produced according to the
technic described above.
All animals received "purina fox chow" as their sole source of nourishment
and ordinary tap water as drinking fluid.
The rats of both groups were killed on the 26th day of the experiment, at which
time specimens of skin were taken for histologic study: (1) from the dorsal region
not affected by the pneumoderma, (2) from the immediate vicinity of the hydro-
cortisone deposit and (3) from an immediately adjacent area. This made it
possible to compare the normal skin (specimen 1) with that detached from the
underlying tissue by air insufflation within (specimen 2), or outside (specimen 3),
of the topical hydrocortisone activity-sphere.
EXPERIMENTAL RESULTS
Immediately after the injection of the hydrocortisone, the hormone deposit
is not clearly visible by naked eye inspection as it is surrounded by some edema
and the skin above it is not transparent. However, between the second and
sixth day, the local edema completely subsides and the dermal tissues immedi-
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ately surrounding the steroid crystals begin to become atrophic and transparent.
As a result of this, the hormone deposit becomes clearly visible as a sharply de-
limited white spot. This cutaneous atrophy continued to progress in intensity
throughout the entire period of observation, but the area affected comprised
only about two centimeters in diameter, with the hormone deposit in its center.
The absorption of the hormone was so slow that the size of the hydrocortisone
deposit was not visibly altered during the 26 days of observation. We may add
that in preliminary experiments (not reported here) similar hormone deposits
were shown to persist in the pneumoderma region for more than two months and
throughout this period they continued to maintain the surrounding skin in an
intensely atrophic condition (Figure 1).
Fie. 1. Macroscopic appearance of a pneumoderma (of two months duration) with a
hydrocortisone deposit. Note extensive air pouch covered by skin in which the hair has
regrown again, except in the extremely thin areola, which immediately surrounds the white
hydrocortisone deposit.
Hair growth was resumed in the depilated area towards the end of the experi-
ment, both in the normal and—to a lesser degree-—in the detached skin, except
in the atrophic areola immediately surrounding the hormone deposit
(Figure 2).
Histologic examination of specimens taken on the 26th day of the experiment
revealed that the skin in the detached area retains an essentially normal struc-
ture, although there is a marked atrophy of the subcutaneous loose connective
tissue, some tendency towards a thinning of the adipose layer and, in certain
regions, slight leukocytic infiltration especially along the internal lining directly
surrounding the air bubble. Such infiltrates were common only just outside the
areola affected by hydrocortisone and may well have been due to repeated palpa-
tion of this region.
The thin, macroscopically transparent areola, surrounding and including the
place where the hydrocortisone was deposited, revealed conspicuous signs of
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tissue atrophy affecting the epidermis, all layers of the dermis and, interestingly,
even the striated cutaneous musculature, which is normally well developed
Fm. 2. (A) Histologic appearance of normal skin taken from a region adjacent to the
pneumoderma. Note normal skin structure with well developed layers of subcutaneous fat
and muscle. The deep adipose layer (below the skin muscle) was very thick and only its most
external part is within the field covered by this photograph. (13)Section through the skin
of the same rat, in the "pneumoderma" region, but outside the radius of hydrocortisone
activity. Note the essentially normal skin structure with scbaceous glands and hair follicles.
Among the latter, some have become unusually large and irregular. The deep adipose layer
has disappeared and the, slightly atrophic, skin muscle actually lines the air space, but
peripherally from it fat cells are still visible. (C) Section through the skin of the same ani-
mal, hut taken from the area immediately surrounding the hydrocortisone deposit. Note
pronounced atrophy of the dcrma and of the skin muscle. The adipose tissue has completely
disappeared. (D) Higher magnification of the skin taken from the "pneumodcrma"
region, outside the area of hydrocortisone application, in another rat. Note essentially the
same changes as in Figure 2B, but here, on cross-section, the diameter of the muscle fibres
is still more clearly visible. (E) Section through the skin of the animal shown in Figure 2D,
but taken from the areola immediately surrounding the hydrocortisooe deposit. Note, par-
ticularly, the intense atrophy and great variability in the thickness of the individual stri-
ated muscle fibers.
in the dorsal region of the rat. The dermal connective tissue is extremely poor
in fibroblasts and consists predominantly of closely packed collagenous fibers.
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Adipose tissue, sebaceous glands and hair are absent and oniy few extremely
atrophic empty hair follicles remain. The striated fibers of the cutaneous muscula-
ture are not only reduced in number but the diameter of each individual fiber is
considerably below normal. Inflammatory leukocytic infiltrates, which, as we
said above, are occasionally found in the region immediately surrounding this
area, are virtually absent in the areola directly affected by the hormone deposit.
DISCUSSION
It has been definitely established by a variety of technics that gluco-corticoids,
such as hydrocortisone, can act directly upon tissues with which they are brought
into immediate contact. Let us merely mention the numerous clinical observa-
tions which show that in the event of bilateral ophthalmic inflammations, topical
application of cortisone (or of its derivatives) to one eye, may exert antiphiogistic
effects at the site of application without influencing the other eye. It has also
been shown that in patients with rheumatoid arthritis, the disease process may
be controlled selectively in a single joint by the topical administration of hydro-
cortisone acetate.
In connection with the experiments which we have just described, the classical
observations of Baker and his co-workers (5, 6, 7, 8, 9) are first to come to mind.
These investigators found that local application of adrenocortical extracts, corti-
sone or hydrocortisone may cause atrophy of the cutaneous structures in the
rat when applied directly to the skin surface in the form of alcoholic solutions.
However, by merely painting the skin with hormone preparations, it is im-
possible to evaluate the effects of the latter in quantitative terms since much,
if not most, of the hormone so applied is rubbed off by the animals before it
could penetrate. This is presumably at least one reason why the above investi-
gators had to use much greater amounts of hormone and for a longer time, than
were required to induce skin atrophy in the present experimental series. Further-
more, the penetration of hormone solutions applied to the skin surface largely
depends upon the thickness of the derma. This differs greatly, not only in differ-
ent species, but even, within the same individual, in various regions of the body
surface. This may explain why topical application of corticoids to the compara-
tively thick human skin, does not regularly produce any striking results (10,
11, 12, 13).
Let us now consider the more general implications of these observations. To
our mind, the most significant fact which they brought to light is that extra-
ordinarily small amounts of a gluco-corticoid (such as hydrocortisone), suffice
to produce very pronounced effects in dystrophic, or malnourished, skin tissue.
If we express this in the terms of general endocrinology, we might say that
topical malnourishment of a tissue may "selectively condition" it to the effects
of circulating corticoids. This is true not only of connective tissue and skin, which
are notoriously sensitive to the actions of gluco-corticoids, but even of striated
muscle tissue.
It must also be kept in mind that hydrocortisone acetate is very slowly ab-
sorbed even from normal skin, although not quite as slowly as from that de-
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tached by the pneumoderma procedure. Thus, in parallel experiments, not
reported here in detail, we have found that in rats, infiltration of normal skin by
hydrocortisone solutions produces essentially similar topical changes, but these
do not tend to spread and are of much lesser intensity. Apparently both the
hypersensitivity, due to topical dystrophy, and the more prolonged fixation of the
hormone deposit in a dystrophic area (when it is directly introduced there by
topical injection) participate in the causation of the extraordinarily severe cutane-
ous atrophy described above.
The pneumoderma technic, at least in its present form, as described here, is
not applicable to problems of clinical medicine. However, in experimental
animals, it appears highly suitable for the quantitative evaluation of the effects
of corticoids upon the skin. * Furthermore, it helped us to gain more insight into
the factors which may render skin or muscle tissue particularly sensitive to the
antiphlogistic and antitrophic actions of glucocorticoids. Both prolonged fixa-
tion of the hormone in the target area and pre-existent dystrophy of that area
are important predisposing "selective conditioning" factors.
Further observations will be necessary to determine what other normal or
malnourished tissues respond with involution to topical gluco-corticoid therapy.
It will be recalled that systemic overdosage with cortisone or hydrocortisone
induces extensive catabolism and involution of the lymphatic and connective
tissue elements throughout the body, but not all of them are similarly affected.
For instance, the kidneys and livers of animals overdosed with cortisone or hydro-
cortisone tend to become enlarged in comparison to the total body weight, while
adipose tissue disappears from the subcutaneous regions but actually proliferates
in the bone-marrow. Systematic studies concerning the topical effects of hydro-
cortisone acetate locally applied to various organs other than the skin are now
underway in this Institute.
SUMMARY
Experiments in the rat reveal that hydrocortisone acetate injected subcutane-
ously causes localized involution of all dermal elements, including even the
striated muscle system of the skin.
All these effects are particularly apparent only when the hormone is injected
into a skin region whose nutrition has been curtailed by detaching it from the
underlying tissues with the aid of subcutaneous air insufflation ("pneumoderma
technic").
These observations are discussed with particular reference to the importance
of the selective conditioning for hormone-responsiveness in certain organs.
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